ther open or MI surgery for the treatment of degenerative diseases of the lumbar spine. 5, 17 One of the most common surgical techniques using an MI approach is TLIF for the treatment of spondylolisthesis and DDD. 7 The advantages of MI TLIF are less postoperative pain, less intraoperative blood loss, and shorter hospital stays while providing long-term outcomes similar to those for open TLIF. 4, 15, 27 However, there remains a paucity of studies assessing whether these perioperative benefts also apply to obese patients; most studies evaluating the use of MI TLIF have incorporated patients with normal BMI. In the present study, we determined whether obese patients undergo-ingMIoropenTLIFreapsimilarperioperativebenefts.
We directly compared intraoperative EBL, complication rate, and duration of hospital stay for open and MI TLIF in separate cohorts of patients with Class I, Class II, and Class III obesity.
Methods
Approval from the University of Michigan Institutional Review Board was obtained prior to performing this study and reviewing the electronic medical records.
Patient Population
Patients who had undergone open or MI TLIF performed by one of two neurosurgeons (P.P. or F.L.M.) between 2006 and 2012 were retrospectively identifed through the use of electronic medical records. From those initiallyidentifedwereexcludedthosepatientswiththe followingcharacteristics:age<18years,BMI<30.0kg/ m 2 , and TLIF of more than 1 level. Patients who had undergone additional spinal instrumentation and posterior fusion beyond 1 vertebra above and below the site of TLIF were then excluded from our analysis to allow a more homogeneous cohort. This resulted in a cohort of obese (BMI ≥ 30.0 kg/m 2 ) adults who had undergone single-level TLIF. Indications for surgery were pain unresponsive tononoperativemanagement,neurologicaldefcit,and/or spinal instability (Fig. 1 ). The MI TLIF technique used in these patients has been described in the literature. 23 
Data Collection
Data regarding patient demographics, including age at the time of surgery (in years), sex, and BMI (in kg/m 2 ), were recorded. Body mass index was calculated utilizing the following standard formula: weight in kg/height in square meters. The presence of comorbidities and the patient's smoking status were also noted. Comorbidities included hypertension, coronary artery disease (or history of myocardial infarct), diabetes mellitus, kidney disease, and anemia. Kidney disease was considered to be present if patients had a preoperative creatinine value > 1.3 mg/dl inmenand>1.1mg/dlinwomen.Anemiawasdefnedas apreoperativehemoglobinvalue<13.5g/dlinmenand< 12.0g/dlinwomen.Smokingstatuswascategorizedinto 3groups:never(patientswhoneversmoked),pastsmokers (patients who quit at least 1 year prior to surgery), and current smokers. Diagnoses indicated for surgery included spondylolisthesis, DDD alone (without other associated pathology), DDD with stenosis, DDD with deformity, and DDD with disc herniation. The lumbar level in which a TLIF was performed was also noted.
Primary outcomes of interest were intraoperative EBL (recorded in ml), complication (total, intraoperative, and 30-day postoperative), and length of hospital stay. Total, or overall, complication rate was computed by totaling the number of patients who experienced at least 1 intraoperative and/or postoperative complication. Intraoperative and postoperative complications were recorded separatelyaswell.Apostoperativecomplicationwasdefned as any unforeseen event related to surgery that required additional medical and/or surgical intervention up to 30 days following the surgery. Length of hospital stay was determined by totaling the number of days the patient was hospitalized,beginningonthedateofsurgeryandending on the date of hospital discharge.
Statistical Analysis
Patientswhometthestudyinclusioncriteriawerefrst categorizedinto3groupsbasedontheWHOBMIclassifcationsystem:ClassIobesity,BMI30.0-34.9kg/m 2 ; ClassIIobesity,BMI35.0-39.9kg/m 2 ; and Class III obesity, BMI ≥ 40 kg/m 2 . Among each obesity class, patients weresubsequentlycategorizedbasedonwhethertheyhad undergone an open or MI TLIF. For each of the 3 obesity classes, descriptive and statistical comparisons of demographics, comorbidities, and diagnoses for the open and MI groups were performed. Comparisons of EBL, total complication rate, intraoperative complications, 30-day postoperative complications, and length of hospital stay were then performed. For categorical outcomes (complications)withacumulativesamplesizeofatleast50patients (Class I obesity), the chi-square test was used, and for sample sizes less than 50 patients (Class II and III obesity), the Fisher exact test was applied. For continuous variables (EBL and LOS), a 2-tailed Student t-test was used.Ap<0.05wasconsideredsignifcantinthisstudy. All statistical analyses were performed using SAS software, version 9.2 (SAS Institute, Inc.). 
Results
Five hundred ninety-nine patients who had under-goneTLIFwereidentifed.Amongthisinitialcohort,127 patients met the study's a priori criteria of adults with a BMI of at least 30.0 and who had undergone a single-level TLIF. Sixty-one patients had Class I obesity (mean BMI 32.0 kg/m 2 ); 45 patients, Class II obesity (mean BMI 37.0 kg/m 2 ); and 21 patients, Class III obesity (mean BMI 44.4 kg/m 2 , range 40.0-53.6 kg/m 2 ). Of the 127 patients, 49 (38.6%) underwent an open TLIF; and 78 (61.4%), an MI TLIF. Most patients underwent TLIF for spondylolisthesis (59.1%). The rest underwent TLIF for DDD alone (18.9%), DDD with stenosis (15.7%), DDD with deformity (0.1%), and DDD with disc herniation (5.5%). The two most common levels in which TLIF was performed were L4-5 (44.9%)andL5-S1(40.2%).Intheoverallcohort,mean EBL was 397.2 ml, complication was rate was 18.1%, and mean hospital LOS was 3.7 days. (14. 3% open vs 7.1% MI, p = 0.599) complication rates than the MI group.
Comparisons of Demographics, Comorbidities, and Diagnoses

Intraoperative Blood Loss
The complications experienced among the study co-hortarespecifedinTable6andstratifedbasedonobesity class and approach to TLIF. Most notably, durotomy requiring repair was the most common intraoperative complication, and infection was the most common postoperative complication. There was 1 case in which a Kwire was fractured in an L-5 vertebral body during an MI TLIF. 
Length of Hospital Stay
Discussion
Transforaminal lumbar interbody fusion is a surgical technique that has proven to be successful in improving symptoms associated with spondylolisthesis and DDD of the lumbar spine. 19 The procedure has evolved over the past 10 years, with MI approaches becoming increasingly popular. 7, 15, 24, 27, 35 Numerous studies, including several prospective ones, indicate that MI TLIF has advantages over open TLIF with regard to perioperative outcomes. 27,31 Specifcally, these advantages consist of less intraoperative blood loss, 15, 27, 31 fewer intraoperative transfusion requirements, 15 less postoperative pain, 27,31 shorter time to am- bulation, 15 and shorter length of hospital stay 15, 27, 31 while providing similar long-term functional outcomes as open TLIF. 15, 23 The main disadvantages of MI TLIF include additional exposure time to intraoperative radiation, 27 potential excess cost, 25 and the surgeon's ability to overcome the learning curve as traditional surgical landmarks can be distorted with the use of a tubular retractor. 15, 32 Minimally invasive TLIF has been applied to the treatment of overweight and obese patients, and prior studies have shown that in such cases the patients obtain beneftsequaltothoseinpatientswithnormalBMI.Ina prospective,single-center,nonrandomizedcontrolclinical study, Wang et al. 35 showed that MI TLIF in overweight and obese patients resulted in signifcantly less operating time, less blood loss, and less postoperative back pain comparedwithopenTLIF;thesefndingsaresimilarto those among patients with normal BMI. 12 In addition, in 2 earlier studies (Park et al. 24 and Lau et al. 17 ), we demonstrated that there was no signifcant difference in the complication rate, 17, 24 intraoperative blood loss, 17 24 The study by Lau et al. 17 had a patient cohort with a mean BMI of 37.4 kg/m 2 thatformallymetthedefnitionofClassIIobesity,butit consisted of a small cohort of 9 patients who underwent MI TLIF. Therefore, the purpose of the present study was to determine if all classes of obese patients obtained the same perioperative benefts following MI TLIF. In this study, cohortsizesineachobesityclasswereadequate,andall3 classesofobesitywerewell-matchedwhenstratifedinto open and MI TLIF groups. Our fndings suggested that MITLIFisassociatedwithsignifcantlylessEBLanda shorter hospital stay. With regard to complication rates, there is a trend for lower complication rates when patients with Class I and Class II obesity undergo MI TLIF compared with those who undergo open TLIF. In fact, among patients with Class III obesity, MI TLIF was associated with a signifcantly lower total complication rate than open TLIF, and the difference was quite profound, as the open group experienced about 36% more complications. Thus, it seems that MI TLIF can offer patients of all obesityclassesthesameperioperativebeneftsseeninpatients with normal BMI. In addition, MI TLIF may even be associated with a reduction in the complication rate as obesity increases beyond a BMI of 40 kg/m 2 .
In obese patients, lower EBL and shorter LOS are most likely attributable to the same proposed mechanisms previously described in patients with normal BMI who undergoMITLIF:smallerincisions,lowerdegreeoftissue manipulation, and less muscle damage than traditional open approaches. However, it is less intuitive how one can achieve lower intraoperative complication rates with MI than with open TLIF among all 3 obesity classes. All intraoperative complications in the open group were durotomies requiring primary repair. The most likely reason for thisfndingisrandomchanceortheinherentdiffculties experienced when operating on obese patients. In such patients, especially the morbidly obese, it can be physically diffculttoachieveadequateexposuregiventhepresence of excess adiposity, muscle, and tissue around the surgical site, and at times, incisions and muscle dissections must be extended. In such circumstances, performing the discectomy and placing the interbody cage during a TLIF canalsobemorediffcult,thusincreasingtheriskofdurotomy. While it is true that with the MI TLIF, more tissue must be traversed with the tubular retractor, obtaining adequate exposure is less challenging as the retractor is inserted through the paraspinal musculature directly over the targeted segment. In this way, MI TLIF may decrease durotomy rates in obese patients.
Patients with Class III obesity who underwent open TLIF had higher intraoperative and postoperative complication rates than those who underwent MI TLIF. In patients with Class III obesity, the combination of both intraoperative and postoperative complications contributedtothefndingthatthetotalcomplicationratewassig-nifcantlyhigherintheopenTLIFgroupthanintheMI TLIF group. Moreover, the combination of intraoperative and postoperative complications led to an overall complication rate of more than 40% in the open group. The reasons for the higher rates of postoperative complications that are not seen in Class I and Class II obesity may relate to the inherent medical attributes of patients with Class III obesity. As noted previously, adequate exposure through anopenapproachcanbediffculttoachieveinseverely obesepatientsandcanleadtoincreaseddiffcultyinadequately performing the procedure. In particular, in open TLIF cases, obtaining the correct trajectory for pedicle screw placement in the severely obese can be challenging. This was actually well demonstrated in one of the Class III obesity patients who underwent open TLIF; the patient experienced a postoperative complication in the form of reoperation for replacement of a medially placed pedicle screw. This complication might have been avoided with MI percutaneous pedicle screw placement, as trajectory is not as strictly limited by exposure.
Postoperative medical management of patients with Class III obesity is probably different for patients in lower obesity classes. It is reported that approximately 75% of adults with Class III obesity have at least one comorbid condition, such as high blood pressure or diabetes mellitus. 20 This statistic conforms to our cohort of Class III obesity patients, which had a very high prevalence of hypertension, coronary artery disease, diabetes, and kidney disease. In addition, the rates of these comorbidities in the Class III obese were higher than those in the Class I and II obese. Patients with Class III obesity also have additional risk factors that are not seen among Class I and II obese, such as a higher risk for deep vein thrombosis 14 and a baseline 2-fold increased risk for all-cause mortality as compared with risks in the Class II obese. 3 Therefore, additional care may be warranted during the postoperative course among these particular patients. This study has important implications for clinical practice and future research. Obesity should not be considered a contraindication to MI lumbar spine surgery. 29 Moreover, the results of this study suggest that MI TLIF may result in a decreased complication risk in obese patients, especially those with Class III obesity.
Study Limitations
Toourknowledge,thisisthefrststudyinwhichopen and MI TLIF has been compared among the 3 obesity classes. However, there are limitations to the study. The major concern is the intrinsic drawback to a retrospective design, which allows susceptibly to certain biases. In this study, the major bias would be selection bias when deciding which patients should undergo an open or MI approach to TLIF. However, this bias (potential confounder) isprobablynotassignifcant,astheopenandMIgroups were all well matched with regard to demographics, comorbidities, and diagnoses.
Conclusions
In patients with Class I, II, and III obesity, MI TLIF offersperioperativebeneftssimilartothoseexperienced by patients with normal BMI. Compared with open TLIF, MITLIFisassociatedwithsignifcantlylessintraoperative EBL and a shorter hospital LOS. Our results also suggest that an MI approach to TLIF in obese patients can lead to lower complication rates, especially for patients with Class III obesity (BMI ≥ 40.0 kg/m 2 ).
